This study attempts to develop a nanocore-shell structure with photomagnetic nature. The structure is then allowed undergo conjugation reaction with the DNAs of different sequences so that it can be applied to target-based drug therapy and biomedical-related areas. First of all, iron platinum (FePt) magnetic nanofluid with an average particle size of 2-3 nm is prepared by a chemical method. After that, zinc sulfide with a fluorescent nature is used to modify the surface of the nanoparticles so as to form a core-shell structure. The shell thickness in this kind of coreshell structure can be controlled at 5-10 nm by a fabrication process. The FePt nanoparticles being modified by zinc sulfide not only can enhance the dispersed suspension of nanoparticles, but also have good optical nature. The prepared nanocore-shell structured particles are conjugated with two groups of DNA of different sequences respectively. Nanoparticles before and after being conjugated and the structure of DNA are not deteriorated or altered because of the principle of positive and negative charges attraction. Conjugation efficiency is 64% and 77% respectively. A bridge DNA and two groups of DNA of different sequences are conjugated. Moreover, the occurrence of hybridization is proven through the analyses of the UV-vis spectrum. Analyses by fluorescence spectrometer show that the luminescence for modified ZnS and nanoparticles after hybridization respectively increases significantly.
Introduction
Nanomaterials have been applied far more frequently in the biomedical and biochemical fields in recent years. Many examples of the application of nanomaterials to medical testing, controlled-release dosage and biosynthesis can be obtained from the basic research of molecular biology and cytology. Superparamagnetic nanoparticles combined with the adsorption theory have been applied to medical treatment, cell separation and the purification of proteins and genomes. Some achievements have been made in this regard. [1] [2] [3] [4] FePt has been regarded as a permanent magnetic materials because it can produce a highly coercive field for a long period of time. 5) Superparamagnetic fluctuation of roomtemperature magnetization can thus be suppressed even for particles with diameters ranging from 2.7-3.0 nm. 6) FePt nanoparticles fabricated by chemical synthesis methods are low in cost and easy to control. An American researcher, Bhargava reported the luminescence of ZnS nanophosphor in an international conference of luminescence in 1994. The most conspicuous characteristic of ZnS nanophosphor is the difference in its absorption and reflection of light; furthermore, it allows the color of ZnS to change its size to correspond with the emission wavelength. 7) For purification in bio-separation, magnetic separation technology is speedy, easy to recover (in the magnetic field) and easy to control compared to traditional approaches. These functional magnetic particles are composed of two parts: the core of the magnetic particles and the shell covering the exterior of core. The structure of the shell offers compatibility, proper distribution of particles and sufficient functional bases such as selective absorption and surface modification. With the combination between metal, ceramics, high polymers or biochemical molecules, the core-shell structures of nanoparticles aim to regulate the surface properties, fabricate hollow spherical shell material or create multifunctional composites. 8 10) Conjugation is that we adopt positive and negative charge to connect nanoparticles with core-shell structure with DNA. UV-vis is used to measure absorption spectra and measured absorption value and original absorption value are compared to obtain conjugation efficiency. Hybridization is that we conjugate two groups of premier DNA with nanoparticles with core-shell structure. Moreover, a group of primer is connected two groups of different primer DNA of compensated bridge DNA with two groups of conjugated DNA.
In this study, the fluorescent material zinc sulfide is adopted to modify the surface of magnetic nanoparticles to form the nanocore-shell composite particles. Then, a piece of DNA primer is conjugated with the nanocore-shell composite particles to form magnetic and optical properties to fabricate a biotype probe with magneto-optical conductivity, increasing the availability of the magnetic nanoparticles.
11) A transmission electron microscope (TEM) is employed to observe the morphology of the fabricated photomagnetic nanocore-shell structure and energy dispersive spectrometer (EDS) X-ray diffrationmeter (XRD) to analyze its ingredients. And then, UV-vis is used to analyze the conjugation efficiency of nanoparticles with core-shell structure conjugated with DNA and acid orange 7 (AO7) indicator is used to test the reaction of hybridization. Finally, fluorescence spectrometer is used to analyze its luminescence.
Experimental
First of all, 19.51 mg of Pt(acac) 2 and 16.76 mg of Fe(acac) 3 were drawn as reaction precursors. 11.63 mg of 1, 2-hexadecanediol and 3 mL of ether were added, and finally put in the three-neck flask. The three-neck flask was heated to 100 C and the temperature was maintained for 20 min. During the heating process, 28.25 mg of oleic acid and 13.3 mg of oleic amine were added and heated to 297 C to backwash for 10 min and then, reactants were cooled down to room temperature to be poured into a centrifuge tube. After that, an appropriate amount of hexane was added in the centrifuge tube and reactants were also added to centrifugate. Larger centrifugated particles from the tube were removed and oleic acid and oleic amine were also added to help particles separate. The above steps were repeated 2-3 times to obtain oil-soluble iron platinum nanoparticle fluid.
Second, the oil-soluble iron platinum nanoparticles were placed in the toluene and an ultrasound shock machine was used to disperse nanoparticles. Adding into mercaptoacetic acid to converse, mercaptoacetic acid will make FePt nanoparticles transform from oilbased fluid into watersoluble fluid. And then, a stirring magnet used to maintain the acute vibration for 2 h. Iron platinum nanoparticles exhibited precipitation until the reaction time finished. The results show that the surface functional groups of particles were replaced by hydrophilic modules. In the deionized water, iron platinum nanoparticles was quickly drawn by water to form a black suspension layer to obtain iron platinum nanoparticles fluid.
Third, 2 mL iron platinum nanofluid was taken out and added to the deionized water. It was vibrated violently by the ultrasound shock machine twice to disperse it evenly in the deionized water. Then, 0.15 g of zinc acetate was added to dissolve in the 50 mL of deionized water and blended with iron platinum solution. Zinc ions can evenly be absorbed on the surface of iron platinum through ultrasonic vibration. Zinc acetate solution without absorption was centrifugated to separate from nanoparticles. Products were dispersed in the water twice and mixed with thioacetamide amide, and were then heated to 80 C to react for 3 h via ultrasonic vibration. 12) After reaction, the products after reaction were cleaned by water and ethanol repeatedly and dried in the vacuum to make ZnS grow on the surface of FePt particles to form the core-shell morphology. The morphology and size of FePt/ ZnS core-shell structure can be observed through TEM images and analyzed by EDS and XRD. Finally, we re-suspended 4OD D1DNA and 5.3OD D2DNA in the TRIS EDTA buffer (TE buffer) respectively. TE buffer is the solvent used to solve DNA to prevent DNA from being dissolved. 3 mL core-shell nanoparticle fluid was added and placed at room temperature to react for 15 h to form FePt/ZnS-4OD complex and FePt/ZnS-3.5OD complex. A powerful magnet was used to absorb the FePt/ZnS-4OD complex and the FePt/ZnS-3.5OD complex in suspension for 30 min to the bottom of centrifuge tube. Then, centrifugation was carried out for 5 min to extract suspension fluid. TE buffer was added to clean and centrifugate persistently to remove impurities. Finally, bridge DNA and the above-mentioned two groups of DNA were mixed with 20 mM of Tris-HCl and 30 mM of MgCl 2 solution, with the temperature controlled at 37 C to undergo hybridization. UV-vis was utilized to measure the absorption spectrum of the FePt/ZnS-4OD complex and the FePt/ZnS-3.5OD complex. Absorbance and original absorbance were compared to test the conjugation efficiency. Absorbance was measured by a UV-vis absorption spectrum and compared with the original absorbance to gauge the conjugation efficiency. For the DNA hybridization test, AO7 indicator was used to test. With the specific absorption peak with a wavelength of 485 nm, the more the AO7 dye depleted, the more the amino was absorbed. Thus, wavelength OD485 was lowered and the hybridization solution was proven to contain DNA molecules. For the UV-vis inspection, the reaction of strands DNA makes the absorbance lower and hence, the absorbance of single DNA is higher than that of strands DNA. The occurrence of hybridization was confirmed. Finally, fluorescence spectrometer was used to inspect the luminescence for FePt nanoparticles, FePt/ZnS nanoparticles with coreshell structure and the hybridization of FePt nanoparticles and FePt/ZnS nanoparticles respectively.
Results and Discussion
TEM was employed to measure the shapes and sizes of FePt nanoparticles and FePt/ZnS nanoparticles with coreshell structure. Figure 1 reveals that the average size of FePt nanoparticles is 2-3 nm. Figure 2 shows that the average size of FePt/ZnS nanoparticles with core-shell structure is 7-13 nm. ZnS covered FePt nanoparticles to form core-shell structure with shell thickness of around 5-10 nm.
EDS was used to analyze local elements of FePt nanoparticles and FePt/ZnS nanoparticles with core-shell structure. Figure 3 shows that nano-powder consists of Fe and Pt elements and Fig. 4 shows that nano-powder consists of Fe, Pt and Zn elements.
FePt nanoparticles and FePt/ZnS nanoparticles with coreshell structure were adopted for powder diffraction analysis by XRD and compared with standard spectrums. Figure 5 shows that FePt peak occurs in 23.8 and 40.6 of 2 Theta. Figure 6 shows that in addition to the occurrence of PePt peak, ZnS peak also occurs in the 28.9 and 48.1 of 2 Theta.
Superconducting quantum interference device (SQUID) was used to execute the magnetic detection of FePt nanoparticles and FePt/ZnS core-shell nanoparticles at the room temperature. The applied magnetic field of FePt nanoparticles and FePt/ZnS core-shell nanoparticles is from À20000 Oe to 20000 Oe. Figure 7 shows that saturation magnetic susceptibility of FePt is 1.678 emu/g and the saturation magnetic susceptibility is reduced to 0.975 emu/g when FePt covered with ZnS. Results show that magnetic properties of FePt will slightly lower when FePt covered with ZnS. Besides, the coercivity of FePt is 13.299 Oe and FePt/ ZnS, 7.388 Oe; both of them are soft magnetic fluids and display their superparamagnetic condition.
Self-designed 3 kinds of DNA premiers are listed in Table 1 . After the 4OD D1DNA, 5.3OD D2DNA and FePt/ ZnS nanofluid with core-shell structure reacted sufficiently, a UV-vis spectrometer was utilized to measure the absorption spectrum. Figure 8 demonstrates that for the wavelength of 260 nm, the absorbance of 4OD DNA can reach 3.2OD, with 80% efficiency. Moreover, the absorbance of 5.3OD DNA can reach 3.4OD, with 64% efficiency. Finally, bridge DNA (BDNA) and the two groups of two different sequences of DNA which had undergone conjugation were conjugated. Figure 9 reve AO7 with a wavelength of 485 nm produces specific absorbance peak of 3.2 for D1DNA and 3.4 for D2DNA, the absorbance peak of 3.0 is lower than the former two. Thus, hybridization occurs between D1DNA and D2DNA. Name Primer
AO7 indicator was added to the TE buffer and a UV-vis spectrometer was employed to measure the absorption spectrum of AO7 and AO7 will produce specific absorption in the wavelength of 485 nm. Hybridized fluid was added into AO7 indicator of the same concentration to react for 10 min. Figure 10 shows that absorption will descend significantly in the 485 nm and thus, the existence of DNA is known.
Zeta potential was adopted to measure the zeta potentials of FePt, FePt/ZnS and DNA. Table 2 shows that the zeta of FePt is with negative electricity, which can attract ZnS with positive zeta to form the positive zeta of FePt/ZnS core-shell structure. Owing to the slightly negative zeta of DNA, DNA can be drawn by the positive zeta of FePt/ZnS to conjugate on the surface of FePt/ZnS particles. Nanoparticles before and after being conjugated and the structure of DNA are not deteriorated or altered because of the principle of positive and negative charges attraction.
FePt nanoparticle fluid and FePt/ZnS nanoparticle fluid with core-shell structure were hybridized to carry out the analysis of fluorescence spectra. The 300 nm was set as the excitation wavelength to excite the surface of particles. Figure 11 shows that the luminescence peak of hybridized fluid is the highest among the three, FePt/ZnS nanoparticle fluid with core-shell structure, the second and FePt nanoparticle fluid, the lowest. The effect of limited surface plasmon resonance between ZnS and FePt is assumed to boost the local electric field strength of ZnS, change fluorescence radiation rate, and increase fluorescence intensity. The conjugation of DNA and FePt/ZnS nanoparticles with core-shell structure will make its secondary structure collapse, break away from Qucncher inhibition to make the fluorescence enhance.
Conclusions
Iron platinum (FePt) magnetic nanofluid with the average particle size of 2-3 nm was fabricated and ZnS thickness of around 5-10 nm was coated on the surface of FePt nanoparticles to form FePt/ZnS core-shell structure with the average size of 7-13 nm. Fabricated particles with nanocoreshell structure were conjugated with two groups of DNA of different sequences, and the conjugation efficiency reached 64% and 77%, respectively. During hybridization, the absorbance peak was 3.0 for the OD 260 which is lower than that of D1DNA and D2DNA. The hybridization occurred between D1DNA and D2DNA. For the hybrid- ization test by AO7 indicator, the AO7 dye showed that the absorption peak is clearly lower for the wavelength of OD 485. The evidence reveals that the DNA modules conjugated on the surface of the FePt/ZnS nanoparticles. Analyses by fluorescence spectrometer show that fabricated nanoparticles consist of luminescence and the luminescence increases more after modifying ZnS and hybridization, making us observe more conveniently and increase its function.
